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AUTO-NEGOTIATION OF TRANi ?CEIVER ROLES TT<r 



COMMUNICATION S 



ySTEMS 



The present invention relates to a transceiver unit comprising: 



a phy^cal medium a first 
ad a first, upstream handshake 

lover said physical medium a 



known m the art, e.g. from the 



- a receiver unit adapted to detect fronaf 
downstream handshake initiation signal a: 
initiation signal, 

- a transmitter unit adapted to transmit 
second upstream handshake initiation signal, 

- a self identification module adapted to ide itify said transceiver unit as a 
central unit or as a remote unit 

Such a transceiver unit is already 
recommendation entitled ''Handshake Prodjedures for Digital Subscriber 
Line (DSL) Transceivers”, reference G.J 94.1, pre-published by the 
International Telecommunication Union (ITL) on Febriiary 2001. 

This recommendation provides a : lexible mechanism for Digital 
Subscriber Line (xDSL) transceivers to exchange capabilities and to select a 
common mode of operation. This is known 
With respect to the handshake procedxure, a t n 
an Handshake Termination Unit (HSTU). ' 

A transceiver unit sited at a Central location (e.g., a central office) 
is referred to as a HSTU-C. A transceiver v nit sited at a Remote location 
(e.g., customer premises) is referred to as a IISTU-R. Downstream refers to 
signals flowing from the central unit to the i emote uzut, upstream refers to 
signals flowing from the remote unit to the central unit. 

The handshake procedure begins with the transmission and 
detection of specific handshake initiation and confirmation signals, the 
composition and the timing of which being specified In §11.1 78-79) for 

duplex mode of operation, and in §11.2 (p. 79-80) for half-duplex mode of 
operation. 

Transmit and receive spectra, signal composition and timing, 
state transition diagram, etc, are different f >r a central unit and a remote 



as the handshake procedaire. 
ansceiver unit is referred to as 
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unit. A transceiver unit shall thus identi^ itself as a central unit or 
(exclusive) as a remote unit prior to the! beginning of the handshake 
procedure. This is usually achieved by means of hardly /softly configured 
data, e.g. by reading firom a specific location in memory the type of housing 
5 equipment wherein the transceiver unit is en Lbedded. ■ 

The prior art solution requires carsful equipment selection and/or 
manual equipment configuration. This solution is even more tedious if a 
network element shall operate in some res iects as a central unit, and in 
other respects as a remote unit, e.g. sn access concentrator at an 
10 intermediate hierarchical level. j 

It is an object of the present involution to allow a transceiver unit 

to freely and automatically choose whether fit will operate as a central unit 

) 

or as a remote imit, depending on the capabilities of the peer transceiver 
unit, which it is connected to. j 

15 According to the invention, this ojbject is achieved due to the fact 

that said self identification module is coupled to said receiver unit and said 
transmitter unit, and is further adapted to: j 

- wait for detection of any of said first dciwnstream handshake initiation 
signal and said first upstream handshake initiation signal within a first 

20 time interval, 

- request said transmitter unit to triinsmit said second upstream 
handshake initiation signal, and wa it for detection of said first 
downstream handshake initiation signal within a second time interval, 

- identify said transceiver unit as a remote unit uppn detection of said first 
25 downstream handshake initiation signal within said first time interval or 

within said second time interval, j 

- identify said transceiver unit as a centra 1 unit upon detection of said first 
upstream handshake initiation signal within saidifirst time interval. 

Once the transceiver unit has id sntified itself as a remote unit or 
30 as a central unit, it carries on the handsbql 
as a central unit respectively would do. 



ke procedure as a remote unit or 
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cable to. whatever type of 
transceiver units exchanging signals over a] physical medium for shaking 
each other’s hand, e-g. subsequent to an equipment stairt-up. 

A transceiver unit according toj the invention is capable of 

I 

6 connecting and inter-operating with any of the following peers: 

- a peer, which is capable of operating as h central unit only, and which 
intends to initiate the handshake proceduife, 

- a peer, which is capable of operating as alcentral unit only, and which is 
waiting for a signal to enable the communl^cation, 

10 - a peer, which is capable of operating bdth as a central unit and as a 

remote unit, yet is hardly/softly configured as a central unit, and which, 
intends to initiate the handshake procedulre, 

- a peer, which is capable of operating b<^th as a central unit and as a 
remote unit, yet is hardly/softly configured as a central unit, and which is 

16 waiting for a signal to enable the commuihcution, 

- a peer, which is capable of operating asi a remote unit only, and which 
intends to initiate the handshake procedvh‘e> 

- a peer, which is capable of operating bbth as a i central unit and as a 
remote unit, yet is hardly/softly configuiled as a remote unit, and which 

20 intends to initiate the handshake procedi^e, 

- a peer, which is capable of operating l^th as a: central unit and as a 
I’emote unit, and which selects its operating mode according to the 
present invention. 

A further level of inter*opera$ility can be achieved by the 

25 transceiver unit described in claim 2. 

In this embodiment, said receive;:^ unit is further adapted to detect 
fi:om said physical medium an upstream ! handshake confirmation signal, 
said transmitter unit is further adapted' to transmit over said physical 
medium a second downstream handshake initiation signal, and self 

30 identification module is further adapted to:! 



The present invention is appl 
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- request said transmitter vuait to ti'ansimt said second downstream 
handshake initiation signal, and wait for detection of said upstream 
handshake confirmation signal within a third time interval, 

- identify said transceiver unit as a centrsil unit upon detection of said 
5 upstream handshake confirmation signal v ithin said third time interval. 

I 

This transceiver unit is fiurther csjpable of connecting and inter* 
operating with any of the following peers: | 

- a peer, which is capable of operating as alremote tmit only, and which is 
waiting for a signal to enable the communication, 

10 - a peer, which is capable of operating bc th as a central unit and as a 

remote unit, yet is hardly/softfy configure<^ as a remote unit, and which is 
waiting for a signal to enable the commun|lcation. 

The sequence of execution is furthsr addressed in claims 3 and 4. 

In claim 3, said self identification nodule is further adapted to: 

15 - request said transmitter unit to transmit said second upstream 

handshake initiation signal if none of s^id first downstream handshake 
initiation signal and said first upstreani handshake initiation signal is 
detected within said first time interval, I 

- request said transmitter imit to trar^mit saM second downstream 
20 handshake initiation signal if said first djownstream handshake initiation 

signal is not detected within said second jtime interval. 

That is to say, no signal is transmitted first, and said first 
downstream handshake initiation signal or said first upstream handshake 
initiation signal are awaited for, next SJiid second upstream handshake 
25 initiation signal is transmitted, and sad first downstresim handshake 
initiation signal is awaited for, and f mally said second downstream 
handshake initiation signal is transmitted, and said upstream handshake 
confirmation signal is awaited for. 

If none of the expected signals 
30 until a connection can be made. 

In claim 4, said self identification module^ is further adapted to: 



is detected, the cycle is repeated 
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- request said transmitter unit to transmit said ; second downstream 
handshake initiation signal if none of said first downstream handshake 
initiation signal and said first upstream nandshake initiation signal is 
detected within said first time interval, 

5 - request said transmitter unit to trai ismit said second upstream 

handshake initiation signal if said first upstream handshake 
confirmation signal is not detected within said third timfe interval. 

That is to say, no signal is transmijtted, and' said first downstream 
handshake initiation signal or said first upstream, handshake initiation 
10 signal are awaited for, next said second downstream handshake initiation 
signaal is transmitted, and said upstream hrndshake, confirmation signal is 
awaited for, and finally said second upstream handshake initiation signal is 
transmitted, and said first downstream landshake initiation signal is 
awaited for. 

i 

15 If none of the expected signals is detected, the cycle is repeated 

until a connection can be made. 

The issue of signal collision, e.g. when transceiver imits at both 
sides are switched on simultaneously, is further addressed in claims 5 and 
6 . ■ ' 

20 In claim 5, said self identification module is further adapted to 

wait for a random or pseudo-random perio^ of timeUf none of the expected 
signals is detected. ! 

The probability signals collide djecreases as the transceiver unit 
enters a new cycle. | 

25 The time at which this random jor pseudo-random period of time 

starts is left undetermined, e.g. at the end of said second time interval. 

What said self identification module does during this random or 
pseudo-random period of time is also left undetermined, e.g. waiting for said 
first downstream handshsdee initiation | signal or said first upstream 

I 

30 handshake initiation signal. j 
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In claim 6, a length of any of said fitst time interval or said second 
time interval is a random or pseudo-random r*umber. 

The probability signals collide renilains equally low, even during 
the first cycle. 

5 Another characterizing embodimeii ts of the present invention are 

defined in claims 7, 8, 9. Those embodiments are applicable to a xDSL 
transceiver unit. 

In duplex mode, said first dowastream handshake initiation 
signal and said second downstream hand( shake initiation signal are C- 
10 TONES signals, said first upstream handshake initiation signal and said 
second upstream handshake initiation sigx al are R-TONES-REQ signals, 
and said upstream handshake confirmation i lignal is a R-TONEl signal. 

A definition of C-TONES, R-TOhES-REQ and R-TONEl signals 
is given in the cited reference. 

15 It is noteworthy that C-TONES ind R-TONES-REQ signals are 

transmitted without interruption until the <»rresponding signal is detected, 
preventing meanwhile the transceiver unit from detecting any signal in the 
downstream or upstream band respectively. 

In half-duplex mode, said first d>wnstream handshake initiation 
20 signal and said second downstream handshake initiation signal are C- 
TONES signals, said first upstream handshake initiation signal and said 
second upstream handshake initiation signal are R-TONES-REQ signals, 
and said upstream handshake confirmation signal is a R-FLAGl signal. 

A definition of R-FLAGl signal if > given in.-the cited reference. 

25 It is to be noticed that the term 'comprising' , also used in the claims, 

should not be interpreted as being restrietjd to the means listed thereafter. 
Thus, the scope of the expression ‘a device (omprising means A and B' should 
not be limited to devices consisting only of components A and B. It means that 
with respect to the present invention, the relevant components of the device 



30 are A and B. 
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Similarly, it is to be noticed that thfe term ‘ccmpled’. also used in the 
c lflima, should not be interpreted as being resected to direct connections only. 
Thus, the scope of the expression ‘a device A ^upled to a device B’ should not 
be limited to devices or systems wherein ah output jof device A is directly 
5 connected to an input of device B. It means that there! exists a path between 

I 

an output of A and an input of B which may ^ a path lincluding other devices 
or means. 

The above and other objects and features! invention will 

become more apparent and the invention itself will be beat understood by 
10 referring to the following description of an einbodimeht talcen in conjunction 
with the accompanying drawings wherein: 

- fig. 1 represents a block diagram of a transceiver unit with respect to the 
present invention, 

- fig. 2 represents a state transition diagrahi of a sel^ identification module. 

15 As depicted in fig. 1, a transceiver uijiit TU comprises the 

following physical elements; 

- a processing unit PROC, 

- a receiver unit RX, 

- a transmitter unit TX. ; 

I 

20 The transceiver unit TU further comprises all the necessary 

I 

elements as known to the skilled person. Those elements are not worth 
being mentioned with respect to the present invention. 

The processing unit PROC is cou])led to both the receiver imit RX 
and the transmitter unit TX, e.g. via an add^oss/datai bus. 

25 In the preferred embodiment iof the present invention, the 

transceiver unit TU is a xDSL transceiyer unit :using the 4,3125 kHz 
signalling family, and operating in duplex mode. However, the present 
invention is not limited thereto. 

With respect to the present invention, the Receiver unit RX is able 

30 to; 



f 

\ 

i 
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- listen to the A43 upstream carrier set, wfhich comprises the frequency 
indices 9, 17 and 25, 

- listen to the A43 downstream carrier set, ’|rhich coihprises the frequen^r 

indices 40, 56 and 64, i 

5 - detect over the A43 downstream carrier s^t the reception of a C-TONES 

signal, 

- detect over the A43 \ipstrcam carrier set (the reception of an R*TONES- 

REQ signal, | 

- detect over the A43 upstream carrier selj the reception of an R-TONEl 

10 signal. i ; 

The receiver unit RX notifies tl^e reception of a signal to the 
processing unit PROC (see fig. 1: received_signal). 

■ The receiver unit RX further pro’ddes the processing unit PROC 
with a programmable register REG (not shown) whicli allows the processing 
15 unit PROC to select which carrier sets (upstream, downstream or both) shall 
be listened to (see fig. 1; write_register). 

With respect to the present invention, the transmitter unit TX is 
able to: I 

- transmit a C-TONES signal over the A43} downstream carrier set, 

20 - transmit an R-TONES-REQ signal over t|he A43 upstream carrier set. 

The signals are transmitted/int|errupted^witched upon request 
from the processing unit PROC (see fig. 1: l|ransmit_Bignal, interrupt_signal, 
switch^signal). i 

The processing unit PROC hot^ses a self identification module 
25 SIM, which communicates with both (.he receiver tinit RX and the 
transmitter unit TX, and adapted to idenjfcify the transceiver unit TU as a 
central unit or as a remote unit in accordajice with the present invention. 

The self identification module! SIM implements a finite state 
machine, a state transition diagram of wh(ch is plotted in fig. 2. In the state 
30 transition diagram, the states related to ^ central unit are embraced by the 
ellipse HSTU-C, the states related to a Remote unit are embraced by the 
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ellipse HSTU-R. Plain lines are used for 8tat«js, whereJln the HSTU has not 
yet been identified as an HSTU-R or as en HSTUPC, and for which a 
transition to the opposite side (possibly via t^e silent ^tate) is still possible. 
Dash lines are used for standardized G.994fl states^ the HSTU has been 
identified as an HSTU-R or (exclusive) as anjHSTU-C| and since adheres to 

j 

the G. 994.1 respective signal composition an4 timing, i 



Initially, the self identification 



imodule 6IM is in the state 



S_SILENT (see fig. 2). In this state, the pelf iden^fication module SIM 
programs the register REG for the receiver iunit RX jto listen both the A43 

*i 

upstream carrier set and the A43 downstrcfam carrier set. Thereupon, the 
self identification module SIM starts a first tjimer Tl. I 

The following events are expected Hn the st^te S_SILENT: 

- a C-TONES is detected. ! I 

- a R-TONES-REQ is detected, 

j. 

- the timer Tl has expired. 

If a C-TONES signal is detected, the self identification module 
SIM identifies the transceiver unit TU a^ an HSTU-R and jumps to the 
applicable G.994.1 state machine, presently S.,.R-T<i)NEl G.994.1 HSTU-R 



state. 






If a R-TONES-REQ signal is idetected,| the self identification 
module SIM identifies the transceiver unit; TU as an HSTU-C and jvunps to 

I 1 

the applicable G.994.1 state machine, jpresently S_C-TONES G.994,1 
HSTU-C state. ^ I ' 

If the timer Tl expires, the self (identification module SIM enters 
the state S_R-TONES-REQ’. ,! . 

In the state S_R-TONES-REQ’, ihe self identification module SIM 



request the transmitter TX to transmit 



the sigml R-TONES-REQ until 



further notification, and programs the register REQ for the receiver unit RX 

! 

to listen the A43 downstream carrieij set on^. Thereupon, the self 
identification module SIM starts a second (timer T2i 

The following events are expected in the State S .R-TONES _JREQ’: 
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kite 8^ 



idantification mod^de 





^ tlie stJte S„C-TONES’: 



. 4 -^^ 



- a C-TONES signal is detected, 

- the timer T2 has expired. 

If a C-TONES signal is detected, 

SIM identifies the transceiver unit TU as itt HSTtJ and jumps to Ui© 

6 applicable G. 994.1 state machine, presently 3„R-Sil® !^1 G.994.1 Hj3TU-R 
state. 

If the timer T2 expires, the self id &Dti£icati< ® aatodule SIM enters 
the state S_G-TONES’. 

In the state S_C-TONES’, the self idsafi i&oation module SIM 
10 requests the transmitter TX to transmit th< 

notification, and programs the register for thi receiver unit RX to 

listen the A43 upstream carrier set only. T^asreuponj the seif identification 
module SIM starts a third timer T3. 

The following events are expected 
15 - an R-TONEl signal is detected, 

- the timer T3 has expired. 

If a R-TONEl signal is detected the eel^ identification module 
SIM identifies the transceiver unit TU a^ an HS'I^-C and jumps to the 
applicable G.994.1 state machine, present 
20 state. 

If the timer T3 expires, the self 
for a random period of time. 

For every state, any une3q>ec»d evem shall force the self 
identification module SIM to abort the so If identifiiation procedure and to |#|| 
25 i’e*enter the initial state S_SILENT. I 

In an alternative embodiment, ihe transteiver unit TU 8upp««ta 
both 4 kHz and 4,3125 kHz signalling families, an^or supports more than |^| 
one carrier set (that is to say, more than 01 a DSL mpdos of operation). it 

In an alternative embodiment, there ii no additional random 
30 period of time awaited. Instead, any of T1 , T2 or T^'s duraticm is a random 
or pseudo-random number. 



l y S_G-OjlLFl 0.994.1 HBTU-C 
identifies tion module S|M waits 



iVi 
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A final remark is that embodimen^ of the present invention are 
described above in terms of functional Jalocks. f^om the functional 
description of these blocks, given above, it jwill be apparent for a person 
skilled in the art of designing electronic devices how embodiments of these 
5 blocks can be manufactured with well-kni»wn electronic components. A 
detailed architecture of the contents of the I function^ blocks hence is not 
given. I 

While the principles of the invention have been described above in 
connection with specific apparatus, it is to (be clearly understood that this 
10 description is made only by way of example! and not as a limitation on the 
scope of the invention, as defined in the appended cla^s. 
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CLAIMS 

1. A transceiver unit (TU) compris: mg: 

- a receiver unit (RX) adapted to detect fcim a physical medium a first 
downstream handshake initiation signal a^d a first upstream handshake 

5 initiation signal, 

- a transmitter unit (TX) adapted to transnfit over said physical medium a 
second upstream handshake initiation sig:^al, 

- a self identification module (SIM) adaptjed to identify said transceiver 

unit as a central unit or as a remote unit, | 

10 characterized in that said self identificajtion module is coupled to said 

receiver unit and saidfransmitter unit, and^s further adapted to: 

- wait for detection of any of said first do(wnstream handshake initiation 
signal and said first upstream handshakie initiation signal within a first 
time interval (Tl), 

15 - request said transmitter unit to tr^smit said second upstream 

handshake initiation signal, and wa^t for detection of said first 
downstream handshake initiation signajl within a second time interval 
(T 2 ), 

• ■ - 'identify said transceiver unit as a remot^ unit upon detection of said first 

20 downstream handshake initiation signal! within said first time interval or 
within said second time interval, 

- identify said transceiver unit as a central unit upon detection of said first 
\»pstream handshake initiation signal within said first time interval. 



25 



30 



2 . A transceiver unit accordin 5 to claim 1, characterized in 
that said receiver unit is further adapi^d to detect firom said physical 

I 

medium an upstream handshake confirroajtion signal, 

in that said transmitter unit is furthefr adapted, to transmit over said 

i 

physical medium a second downstream hahdshake initiation signal, 
and in that self identification module is ^rther adapted to: 
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- request said transmitter unit to transiiut said second downstream 
handshake initiation signal, and wait for detection of said upstream 
handshake confirmation signal within a thi rd time interval CT3), 

- identify said transceiver unit as a central unit upon detection of said 
upstream handshake confirmation signal v ithin said third timo interval. 



3. A transceiver unit according jto claim 2, characterized in 
that said self identification module is furtheij adapted to: 



jismit said second upstream 
id first downstream handshake 



- request said transmitter xmit to tra 
handshake initiation signal if none of sa 
initiation signal and said first upstreamj handshake initiation signal is 
detected within said first time interval, j 

- request said transmitter unit to tranjinit said second downstream 
handshake initiation signal if said first downstream handshake initiation 
signal is not detected within said second time interval. 

4. A transceiver unit according to claim- 2, characterized in 
that said self identification module is furthi r adapted to: 

- request said transmitter unit to traismit said second downstream 
handshake initiation signal if none of s;ud first downstream handshake 
initiation signal and said first upstream handshake initiation signed is 
detected within said first time interval, 

- request said transmitter unit to tr emsmit said second upstream 
handshake initiation signal if said first upstream handshake 
confirmation signal is not detected withifi said third time interval. 



25 



5. A transceiver unit according to claiip 1, characterized in 
that said self identification module is further adapted to wait for a random 
or pseudo-random period of time if none of said first downstream handshake 
30 initiation signal and said first upstirean^ handshake initiation signal is 
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detected witHn said first time interval, and if said first downstream 
handshake initiation signal is not detected within said second time interval. 

6. A transceiver unit according to claim 1, characterized in 
5 that a length of any of said first time interval! or said second time interval is 

a random or pseudo-random number. j 

7. A transceiver unit according claim 1, characterized in 
that said transceiver unit is a digital subsiriber line (xDSL) transceiver 

10 unit, 

and in that said first downstream hands hake initiation signal is a C- 
TONES signal, said first upstream handshake initiation signal and said 
second upstream handshake initiation signal are R-TONES-REQ signals. 

i 

25 8. A transceiver unit according i;o claim 2, characterized in 

that said transceiver unit is a digital subscriber lihe (xDSL) transceiver 
unit,. . j 

and in that said first downstream handshake initiation signal and said 
second downstream handshake initiation signal are C-TONES signals, said 
20 first upstream handshake initiation signal and said second upstream 
handshake irutiation signal are R-TONES-I^EQ sign^s, and said upstream 

handshake confirmation signal is a R-TONEjl signal. 

i 

I 

9. A transceiver unit according jto claim 2, characterized in 
25 that said transceiver unit is a digital subjscriber line (xDSL) transceiver 
unit, j ! 

and in that said first downstream handshake initiation signal and said 
second downstream handshake initiation sijgnal are C-TONES signals, said 
first upstream handshake initiation sigr al and said second upstream 
30 handshake initiation signal are R-TONES^EQ signals, and said upstream 
handshake confirmation signal is a R-FLAG|i signal. 

I 



i 
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ABSTRACT 

AUTO-NEaOTlATION OF TRANSCEIVER ROLES TN 



COMMUNICATION SYSTEMS 



The present invention allows a tijansceiveir unit to freely and 

I : 

5 automatically choose whether it will operate a centr^ unit or as a remote 
unit, depending on the capabilities of the pee^ transceiver unit, which it is 
connected to. 

The transceiver iinit listens first fto any signal the peer may 
transmit to initiate the handshake procedure] Such a signal would de-facto 
10 identify the peer as a remote unit or as a cenitral unit;and would allow, the 
transceiver unit to select the appropriate role. If no signal is detected, the 
transceiver unit tries to initiate the handshake procedure and waits for the 
corresponding signal &om the peer. j 

In a first embodiment, the transceiver unit tries to initiate the 
16 handshake procedure as a remote unit only, j 

In a second embodiment, the transceiver unit tries to initiate the 
handshake procedure both as a central unit ai|d as a remote unit. 





i 



